Introduction
============

Osteoarthritis is one of the most common types of arthritis of the knee and hip. Total knee arthroplasty (TKA) and total hip arthroplasty (THA) are treatment procedures for knee and hip osteoarthritis to reduce pain and disability and improve the functional status and quality of life.[@b1-jpr-11-2399] By 2030, the incidence of THA and TKA is predicted to increase by approximately 174% and 673%, respectively.[@b1-jpr-11-2399] Nevertheless, postoperative pain after TKA and THA often persists for many years.[@b2-jpr-11-2399] Postoperative pain interferes with rehabilitation, resulting in prolonged or incomplete recovery.

The regulation of physical activity is one of the nonpharmacological treatment options for pain.[@b3-jpr-11-2399],[@b4-jpr-11-2399] Previously, bed rest was a common treatment approach for acute musculoskeletal pain; however, more recently, exercise, as possible, has been recommended to improve pain and quality of life.[@b4-jpr-11-2399] In patients who underwent TKA and THA, early postoperative exercise, which involves getting out of bed and walking as soon as possible after the operation, is also recommended.[@b5-jpr-11-2399]--[@b7-jpr-11-2399] Increased postoperative physical activity is important in functional recovery.[@b8-jpr-11-2399],[@b9-jpr-11-2399]

Subsequently, appropriate physical activity pacing is reported to be effective in reducing the severity of musculoskeletal pain.[@b3-jpr-11-2399] Physical activity pacing aimed to eliminate the variation of highs and lows in the activity patterns, keep a steady pace throughout the day, and avoid blind increase in physical activity.[@b3-jpr-11-2399],[@b10-jpr-11-2399] Poor physical activity pacing is associated with an increase in pain, psychological disturbances, and physical disability in patients with chronic pain.[@b10-jpr-11-2399] However, postoperative patients are often traditionally advised only to increase physical activity, as possible, and improve postoperative physical function.[@b9-jpr-11-2399] The impact of variation in physical activity throughout the day has not been investigated in postoperative patients.

The variation in physical activity is often assessed using the SD from the reference value.[@b11-jpr-11-2399]--[@b13-jpr-11-2399] Some study investigated chronic pain[@b11-jpr-11-2399] and osteoarthritis for more than 3[@b12-jpr-11-2399] and 6 months after surgery in stable patients.[@b13-jpr-11-2399] In contrast, patients in the early postoperative period recover rapidly. The reference value of postoperative physical activity increases day by day. The high SD[@b11-jpr-11-2399]--[@b13-jpr-11-2399] and low correlation coefficient[@b14-jpr-11-2399],[@b15-jpr-11-2399] values suggest a large variation from the reference value, both calculated by the least square method. Hence, we assessed variation in physical activity using the degree of correlation coefficient of physical activity and postoperative day (POD) for each subject.

The present preliminary study aimed to investigate the impact of variation in physical activity in the early period after TKA or THA. It is hypothesized that the variation in physical activity is associated with pain, and is consistent with that observed for patients with other types of musculoskeletal pain.[@b3-jpr-11-2399],[@b10-jpr-11-2399] Therefore, patients with excessive variation in physical activity are hypothesized to develop more severe postoperative pain than those with a gradual increase in physical activity.

Patients and methods
====================

Participants
------------

The number of subjects was determined by a sample size estimation using G\*Power software (version 3.0.10; Franz Faul, Kiel University, Kiel, Germany). On the basis of a standardized effect size of 0.6, α-level of 0.05, and power (1--β) of 0.80, the minimum number of subjects was estimated to be 72.

This longitudinal cohort study enrolled a total of 72 participants. Forty patients underwent initial TKA, and 32 initial THA between July 2015 and September 2016 at Nagoya University Hospital. The data for baseline demographics and in-hospital variables were obtained. The exclusion criteria were: 1) cognitive impairment and 2) pain in other body parts that was more severe than that in the operative site. All participants had a baseline preoperative visit prior to their operation and received standardized in-participant treatment, including usual rehabilitation (6 days/week), following either a primary total hip or total knee care pathway. Participants could receive nonsteroidal anti-inflammatory drugs for any painful condition.

This study was approved by the Ethics Committee of Nagoya University Hospital. All participants provided written informed consent.

Measures
--------

### Demographic data

Demographic data, including age, sex, height, body mass index, and other comorbidities using the Charlson comorbidity index[@b16-jpr-11-2399] were recorded. Intraoperative data, such as surgical procedure, operative time, and intraoperative blood loss were also collected. In addition, postoperative length of hospital stay was recorded.

### Evaluation of the physical activity

All patients used the accelerometer 24 h/day in the hospital, except when bathing or sleeping at night. All patients wore the accelerometer on a belt at the waist level just above either leg. Indices were estimated with the accelerometer (Lifecorder GS; Suzuken, Nagoya, Japan), which provides reliable and validated output data.[@b17-jpr-11-2399],[@b18-jpr-11-2399] The daily total number of steps served as the index of physical activity. The patients and medical staff could look at the number of steps any time.

The measurement period was 8 days from PODs 3--10. The reason was the patients wore a one-piece hospital gown that obstructs the use of the accelerometer until POD 2, and they attained improvement to be discharged home as early as POD 11. After the measurement period, the device was retrieved, and the data were downloaded into a computer.

Patients with a substantial correlation (*P*-value\<0.05 and correlation coefficient \>0.7) between physical activity per day and during POD, as determined by single regression test, were classified as the "good-pacing group." Patients with no correlation (*P*-value≥0.05) between them were classified as the "poor-pacing group."[@b14-jpr-11-2399],[@b15-jpr-11-2399] The changes in the physical activity of a case are shown in [Figure 1](#f1-jpr-11-2399){ref-type="fig"}, that is, a case in the good-pacing group showed that as more PODs passed, the greater was the physical activity per day. A case in the poor- pacing group showed an increase or decrease in physical activity throughout the day.

Pain and psychological questionnaire
------------------------------------

The patients rated the pain in the surgical site using a visual analog scale (VAS) for daily life activities. The participants were evaluated on admission. They were then evaluated on POD 14 or prior to hospital discharge (mean, 13.8 days after surgery).

The pain catastrophizing scale (PCS) score was measured on admission to assess the negative thought patterns about pain.[@b19-jpr-11-2399],[@b20-jpr-11-2399] For the 13-item PCS, participants rated how frequently they experienced various cognitions or emotions.[@b19-jpr-11-2399],[@b20-jpr-11-2399] The PCS consists of three subscales: rumination (eg, "I keep thinking about how much it hurts"), magnification (eg, "I wonder whether something serious may happen"), and helplessness (eg, "There is nothing I can do to reduce the intensity of the pain").[@b19-jpr-11-2399],[@b20-jpr-11-2399] The total score range is 0--52.[@b19-jpr-11-2399],[@b20-jpr-11-2399] Several findings support this scale's validity as a measure of pain catastrophizing.[@b19-jpr-11-2399],[@b20-jpr-11-2399]

Psychological characteristics were measured by the hospital anxiety and depression scale (HADS) on admission.[@b21-jpr-11-2399],[@b22-jpr-11-2399] The HADS is designed to assess two separate dimensions of anxiety and depression. It consists of 14 items, with the anxiety (HADS-A) and depression (HADS-D) subscales each including seven items. A 4-point response scale (from 0, representing absence of symptoms, to 3, representing maximum symptoms) is used, with possible scores for each subscale ranging from 0 to 21.[@b21-jpr-11-2399],[@b22-jpr-11-2399] The HADS is designed to avoid the use of somatic symptoms that may confound other self-report measures of depression and anxiety.[@b21-jpr-11-2399],[@b22-jpr-11-2399]

Statistical analysis
--------------------

All continuous variables were expressed as the mean with the SD. First, patients were categorized into two groups: good-pacing and poor-pacing groups. Differences between the two groups were analyzed using the chi-squared test for categorical variables and the unpaired *t*-test for continuous variables. The data were analyzed using SPSS (version 24.0 for Microsoft Windows; SPSS, Chicago, IL, USA). A *P*-value\<0.05 was considered statistically significant.

Ethical approval
================

This study was approved by the Ethics Committee of Nagoya University Hospital (No. 2015-0171).

Results
=======

Patient characteristics
-----------------------

Patient characteristics are shown in [Table 1](#t1-jpr-11-2399){ref-type="table"}. The average age was 68 years. The study included 13 men and 59 women. The preoperative scores for TKA, THA, and overall were 37.9, 44.2, and 40.7, respectively, for average VAS and 55.5, 57.6, and 56.4, respectively, for worst VAS. The postoperative scores for TKA, THA, and overall were 19.4, 16.1, and 17.9, respectively, for average VAS and 38.9, 27.8, and 34.0, respectively, for worst VAS. [Figure 2](#f2-jpr-11-2399){ref-type="fig"} shows the group analysis of physical activity according to the surgical site. It shows that as more PODs passed, the greater was the physical activity in both TKA and THA.

The number of patients with good pacing in TKA, THA, and overall was 24 (60%), 21 (65%), and 45 (62%), respectively. The number of patients with poor pacing in TKA, THA, and overall was 16 (40%), 11 (34%), and 27 (37%), respectively. There were no patients with slight or moderate correlation between steps and POD.

Physical activity
-----------------

Differences in the pre-, intra-, and postoperative variables between the good- and poor-pacing groups are shown in [Table 2](#t2-jpr-11-2399){ref-type="table"}. Among the overall preoperative variables, the poor-pacing group reported shorter height and more women than the good- pacing group. Preoperative VAS, PCS, and HADS scores were not significantly different between the groups. Among the postoperative variables, the poor-pacing group showed significantly lower maximum steps per day, higher postoperative average VAS score, higher postoperative worst VAS score, and longer postoperative hospital stay than the good-pacing group.

Discussion
==========

The aim of the present study was to investigate the impact of variation in physical activity in postoperative patients. The present study is the first to indicate that patients with variation in physical activity develop severe postoperative pain with a prolonged postoperative hospital stay. The variation in physical activity in postoperative patients could be an outcome for improvement.

Variations in physical activity are associated with increased pain, psychological disturbances, and physical disability.[@b10-jpr-11-2399] The present study showed that a poor pacing during physical activity is associated with severe pain in postoperative patients, consistent with that observed for patients with other types of musculoskeletal pain.[@b3-jpr-11-2399],[@b10-jpr-11-2399] Over-activity results in a number of potential injuries to muscle fibers, nerves, bones, and ligaments. These injuries, as well as the repetitive experience of pain, will prolong pain and contribute to neurobiological mechanisms of peripheral and central sensitization.[@b23-jpr-11-2399] Moreover, underactivity is a result of fear of pain and avoidance of activity and prolongs pain, leading to higher levels of disability, according to the fear-avoidance model.[@b24-jpr-11-2399] Activity pacing is effective in variation in physical activity in patients with chronic pain and osteoarthritis with overactivity and underactivity cycles.[@b3-jpr-11-2399],[@b10-jpr-11-2399],[@b12-jpr-11-2399] Till date, the effects of activity pacing have not been investigated in postoperative patients.

Variation in physical activity is associated with old age.[@b11-jpr-11-2399],[@b13-jpr-11-2399] Similarly, in the present study, the age of the patients in the poor-pacing group was higher than that of the patients in the good-pacing group (poor-pacing group, 70.9 years; good-pacing group, 67.8 years). Patients with old age and vulnerability are carefully treated during variation in physical activity.

The amount of physical activity is important in predicting improvements in physical function after TKA.[@b8-jpr-11-2399] The present study showed that patients in the good-pacing group had significantly higher maximum steps per day and shorter duration of postoperative hospital stay than those in the poor-pacing group. Postoperative patients are encouraged to increase physical activity, because it results in better bone quality, enhancement of coordination and muscle strength, and, consequently, lower risk of falls.[@b9-jpr-11-2399] The amount of physical activity improves postoperative physical function.[@b8-jpr-11-2399],[@b9-jpr-11-2399] The present study showed that variation in physical activity throughout the day also has an impact in postoperative patients.

Severe postoperative pain is predicted by preoperative PCS[@b25-jpr-11-2399],[@b26-jpr-11-2399] and knee surgery.[@b2-jpr-11-2399] Pain catastrophizing is one of the fear-avoidance variables, which refers to the avoidance of movements or activities, based on fear.[@b24-jpr-11-2399] Treatment that incorporates a cognitive-behavioral intervention can lead to reduction in pain catastrophizing with a concurrent reduction in pain-related activity interference.[@b27-jpr-11-2399] Preoperative PCS showed no significant difference between the poor-pacing and good-pacing groups in the present study. Variation in physical activity was associated with postoperative pain, independent from preoperative PCS, as shown in [Table S1](#SD1-jpr-11-2399){ref-type="supplementary-material"}. The regulation of physical activity might be effective for pain even in the high pain catastrophizing patients.

Limitations
===========

There are several limitations to this study. First, the present study investigated only the early postoperative period. The long-term effects of variation in physical activity on pain, disability, functional status, and quality of life have not been elucidated. Second, the effect of wearing and looking at the accelerometer has not been investigated. The accelerometer might increase the motivation of exercise and physical activity. Third, physical activity was measured using only the Lifecorder GS accelerometer. We cannot confirm that our results are consistent with those obtained using different motion counters. Fourth, all data were collected by researchers who were not blinded in this study. Fifth, the dose of analgesic medication was not recorded in detail. Finally, we included participants from a single medical center. Future studies using a longer follow-up period will be required to investigate the impact of variation in physical activity on the improvement of the pain, disability, functional status, and quality of life.

Conclusion
==========

The present study showed that patients with variation in physical activity had severe postoperative pain and prolonged postoperative hospital stay. Desirable variation in physical activity in the postoperative period could improve the outcome in patients undergoing lower-limb arthroplasty.

Supplementary material
======================

###### 

Multiple regression analysis for postoperative pain and length of hospital stay

  Dependent variables                     Independent variables     B        SE      β       *p*-value   R^2^
  --------------------------------------- ------------------------- -------- ------- ------- ----------- -------
                                                                                                         
  Postoperative VAS (average)             Good-pacing/poor-pacing   10.196   3.144   0.347   0.002       0.239
  Preoperative PCS                        0.305                     0.121    0.270   0.014               
  Age                                     0.322                     0.147    0.237   0.032               
  Postoperative VAS (worst)               Good-pacing/poor-pacing   23.904   5.314   0.463   \<0.001     0.313
  Male                                    22.438                    6.704    0.345   0.001               
  TKA                                     11.261                    5.077    0.224   0.030               
  Length of postoperative hospital stay   Good-pacing/poor-pacing   3.017    1.064   0.310   0.006       0.424
                                                                                                         
  TKA                                     2.587                     1.037    0.272   0.015               

**Notes:** The risk factors for sever postoperative pain and prolonged postoperative hospital stay were explored with multiple regression analysis in overall. The all preoperative and intraoperative variables were included in the multivariate logistic regression analysis. Sex, surgical procedure, and good-pacing/poor-pacing group included a dummy variable for analysis. The results showed the good-pacing/poor-pacing was a significant correlating factor for severe postoperative pain and prolonged postoperative hospital stay.

**Abbreviations:** B, nonstandard regression coefficient; SE, standard error; β, standardized regression coefficient; R^2^, multiple correlation coefficient adjusted for the degrees of freedom; VAS, visual analog scale; PCS, pain catastrophizing scale; TKA, total knee arthroplasty; HADS, hospital anxiety and depression scale.
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![Changes in the physical activity of an instance case.](jpr-11-2399Fig1){#f1-jpr-11-2399}

![As more PODs passed, the physical activity increased.\
**Notes:** (**A**) TKA patients. (**B**) THA patients.\
**Abbreviations:** POD, postoperative day; THA, total hip arthroplasty; TKA, total knee arthroplasty.](jpr-11-2399Fig2){#f2-jpr-11-2399}

###### 

Patients' characteristics

                                                    Overall *(n=72)*   TKA *(n=40)*    THA *(n=32)*
  ------------------------------------------------- ------------------ --------------- --------------
                                                                                       
  **Preoperative data**                                                                
  Female gender, n (%)                              59 (82%)           34 (85%)        25 (78%)
  Age (years)                                       69.0 (10.5)        72.4 (7.4)      64.7 (12.4)
  Height (cm)                                       154.8 (7.8)        153.3 (6.6)     156.6 (10.6)
  BMI (kg/m^2^)                                     24.8 (4.1)         26.1 (3.9)      23.2 (4.0)
  Charlson comorbidity index (0 / 1 / 2)            (44 / 23 / 5)      (22 / 15 / 3)   (22 / 8 / 2)
  Disease onset (months)                            73.8 (72.3)        89.7 (74.4)     53.8 (65.2)
  Previous surgeries, n (%)                         20 (27%)           11 (27%)        9 (28%)
  Pain in other joints, n (%)                       27 (37%)           18 (45%)        9 (28%)
  Average VAS (mm)                                  40.7 (21.9)        37.9 (20.0)     44.2 (23.9)
  Worst VAS (mm)                                    56.4 (26.8)        55.5 (26.8)     57.6 (27.1)
  HADS-anxiety (points)                             5.5 (3.6)          5.2 (3.5)       6.0 (3.8)
  HADS-depression (points)                          5.6 (3.4)          5.4 (3.0)       5.8 (3.8)
  PCS (points)                                      25.6 (12.7)        23.4 (12.8)     28.4 (12.2)
  **Intraoperative data**                                                              
  Operative time (min)                              108 (33)           121 (23)        92 (37)
  Blood loss (ml)                                   211 (419)          51 (64)         413 (568)
  **Postoperative data**                                                               
  Correlation steps with postoperative day, n (%)                                      
  \- no correlation (poor-pacing)                   27 (37%)           16 (40%)        11 (34%)
  \- slight correlation                             0 (0%)             0 (0%)          0 (0%)
  \- moderate correlation                           0 (0%)             0 (0%)          0 (0%)
  \- substantial correlation (good-pacing)          45 (62%)           24 (60%)        21 (65%)
  Maximum steps (steps/day)                         2181 (1803)        1925 (1684)     2500 (1920)
  Average VAS (mm)                                  17.9 (14.3)        19.4 (14.2)     16.1 (14.5)
  Worst VAS (mm)                                    34.0 (25.2)        38.9 (25.9)     27.8 (23.2)
  Length of hospital (days)                         19.5 (4.8)         20.7 (4.5)      18.0 (4.6)

**Note:** All continuous variables were expressed as mean and standard deviation.

**Abbreviations:** TKA, Total Knee Arthroplasty; THA, Total Hip Arthroplasty; BMI, Body Mass Index; VAS, Visual Analog Scale; HADS, Hospital Anxiety and Depression Scale; PCS, Pain Catastrophizing Scale.

###### 

Comparison of data of patients between good-pacing and poor-pacing groups

                                       Overall         TKA             THA                                                                                                                                                                     
  ------------------------------------ --------------- --------------- ----------------------------------------------------- --------------- ------------- --------------------------------------------------- --------------- --------------- ---------------------------------------------------
                                                                                                                                                                                                                                               
  **Preoperative data**                                                                                                                                                                                                                        
  Male gender, n (%)                   11 (24%)        2 (7%)          0.069                                                 5 (20%)         1 (6%)        0.206                                               6 (28%)         1 (9%)          0.205
  Age (years)                          67.8 (11.9)     70.9 (7.6)      0.223                                                 73.5 (6.4)      70.7 (8.5)    0.249                                               61.3 (13.4)     71.3 (6.5)      0.028[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}
  Height (cm)                          156.5 (8.3)     151.9 (6.2)     0.014[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}     154.2 (6.9)     151.9 (5.9)   0.285                                               159.1 (9.0)     151.8 (6.8)     0.026[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}
  BMI (kg/m^2^)                        24.4 (4.4)      25.6 (3.5)      0.237                                                 26.2 (4.1)      25.8 (3.6)    0.741                                               22.2 (3.8)      25.2 (3.6)      0.043[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}
  Charlson comorbidity index (0/1/2)   (26/16/3)       (18/7/2)        0.697                                                 (10/12/2)       (12/3/1)      0.106                                               (16/4/1)        (6/4/1)         0.455
  Disease onset (months)               72.4 (75.9)     76.0 (67. 1)    0.841                                                 86.6 (89.2)     94.4 (46.4)   0.718                                               56.3 (54.9)     49.2 (84.5)     0.775
  Previous surgeries, n (%)            12 (26%)        8 (29%)         0.786                                                 7 (29%)         4 (25%)       0.772                                               5 (23%)         4 (36%)         0.453
  Pain in other joints, n (%)          14 (31%)        13 (48%)        0.148                                                 8 (33%)         10 (62%)      0.069                                               6 (28%)         3 (27%)         0.938
  Average VAS (mm)                     38.8 (22.5)     43.8 (20.9)     0.350                                                 32.1 (18.8)     46.6 (19.1)   0.023[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}   46.5 (24.2)     39.8 (23.6)     0.463
  Worst VAS (mm)                       56.7 (28.6)     56.0 (23.9)     0.910                                                 50.9 (30.3)     62.4 (19.4)   0.149                                               63.4 (25.7)     46.6 (27.4)     0.096
  HADS-anxiety (points)                6.0 (4.0)       4.7 (2.9)       0.120                                                 5.6 (4.0)       4.6 (2.7)     0.408                                               6.5 (4.0)       4.9 (3.3)       0.258
  HADS-depression (points)             5.9 (3.5)       5.2 (3.1)       0.410                                                 5.7 (3.3)       5.1 (2. 6)    0.537                                               6.1 (3.9)       5.4 (3.9)       0.617
  PCS (points)                         26.3 (14.0)     24.6 (10.3)     0.550                                                 22.2 (14.1)     25.2 (10.7)   0.478                                               31.0 (12.6)     23.6 (10.2)     0.108
  **Intraoperative data**                                                                                                                                                                                                                      
  Operative time (min)                 106 (32)        111 (35)        0.523                                                 121 (18)        121 (29)      0.982                                               89 (37)         97 (39)         0.555
  Blood loss (mL)                      254 (513)       141 (164)       0.272                                                 58 (78)         41 (32)       0.411                                               478 (687)       288 (170)       0.376
  **Postoperative data**                                                                                                                                                                                                                       
  Maximum steps (steps/day)            2,615 (1,777)   1,456 (1,631)   0.007[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}     2,539 (1,783)   1,004 (996)   0.003[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}   2,702 (1,810)   2,114 (2,151)   0.419
  Average VAS (mm)                     13.9 (12.7)     24.6 (14.6)     0.002[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}     15.2 (13.2)     25.7 (13.6)   0.020[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}   12.4 (12.2)     23.0 (16.6)     0.049[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}
  Worst VAS (mm)                       26.2 (21.2)     46.9 (26.2)     \<0.001[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}   29.9 (24. 1)    52.3 (23.0)   0.006[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}   21.9 (16.9)     39.1 (29.6)     0.044[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}
  Length of hospital stay (days)       18.3 (4.1)      21.5 (5.1)      0.005[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}     19.5 (4.4)      22.6 (4.3)    0.029[\*](#tfn4-jpr-11-2399){ref-type="table-fn"}   17.0 (3.5)      19.8 (6.0)      0.102

**Notes:** All continuous variables were expressed as mean and standard deviation. Differences between the two groups were analyzed using the χ2 test for the categorical variables and the unpaired *t*-test for the continuous variables, respectively.

Significant difference among groups (*P*\<0.05).

**Abbreviations:** BMI, body mass index; HADS, hospital anxiety and depression scale; PCS, pain catastrophizing scale; THA, total hip arthroplasty; TKA, total knee arthroplasty; VAS, visual analog scale.
